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Vector meson photoproduction and electroproduction have been suggested as a 
tool to find or confirm the nucleon resonances. In order to extract more reliable 
informations on the nucleon resonances, understanding the non-resonant back- 
ground is indispensable. We consider final state interactions in ui photoproduction 
as a background production mechanism. For the intermediate states, we consider 
nucleon— vector-meson and nucleon-pion channels. The role of the final state inter- 
actions is discussed in ui meson photoproduction near threshold. 

1 Introduction 

Vector meson production off nucleons near threshold attracts recent interests 
in connection with the so-called "missing resonance problem" □. By studying 
various physical quantities of vector meson production one hopes to have in- 
formation on the nucleon resonances especially which couple rather strongly 
to the vector-meson-nucleon channel. There have been recent progress to 
obtain suclYiitttamations by studying the processes of vector meson photo- 
production tHjli iJ. Among light vector mesons, to jphotoproduction is studied 
in more detail due to its simple isospin character au. 

In order to extract information on the nucleon resonances from vector me- 
son production, it is essential to first understand the background production 
mechanisms As the background non-resonant production amplitudes one 
considers the Pomeron exchange, one-boson exchange, and the nucleon pole 
terms. Then the gap between the theoretical predictions on the background 
production and the experimental data, e.g. in total and differential cross sec- 
tions, are expected to be explained by the terms including nucleon resonances. 
After adjusting the resonance parameters, other physical quantities, especially 
polarization asymmetries, are predicted to have more conclusive evidence for 
the nucleon resonances and it has been shown that some polarization asym- 
metries are really sensitive to the presence of nucleon resonances because of 
different helicity structure of the production amplitudes. 
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Figure 1. Non-resonant interactions for u> photoproduction at tree level. Here V stands for 
the u> meson. 



However, in order to have more conclusive clues on the nucleon reso- 
nances, it is essential to understand the background non-resonant amplitudes 
in more detail. We can have lessons from the study on the non-resonant part 
of pion photoproduction and pion-nucleon scattering, which shows that ±hp 
final state interactions are important to improve meson exchange models Wa. 
Such dynamical studies are important not only in understanding the structure 
of the nucleon resonances but also for unitarity of the scattering amplitude. 
Therefore it is legitimate to improve the existing models by imposing unitarity 
condition. 

Such investigations are, however, intricate and many informations are still 
unavailable to do a reliable model study. In this work, therefore, we study 
final state interactions in uj photoproduction as our first step to construct a 
dynamical model for vector meson photoproduction near threshold. Because 
of its complexity, we only consider some one-loop diagrams in this work that 
seem to be non-negligible in the production amplitude. In the next Section, we 
discuss the non-resonant amplitude at tree level and our method to compute 
the final state interactions for several selected intermediate channels. The 
preliminary numerical results arc given in Sec. Ill with discussions. 



2 Model 



As the non-resonant production process for uj photoproduction at tree level, 



it is widely used to include the Pomeron ex 
the nucleon pole terms as depicted in Fig 



11 



e, 7r and r\ exchanges, and 
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p(p,m p ) B(p B ,m B ) p(p',m' p ) 

Figure 2. Diagram for final state interactions for lu photoproduction. 



However, it is well-known that the amplitudes obtained at tree level such 
as in Fig. [I] do not satisfy unitarity. For example, the soft Pomeron model 
of Donnachie and Landshoff □ that has been used in analyzing lu photopro- 
duction-has intercept larger than 1.0 and hence violates the Froissart-Martin 
bound Ej'EH that is a consequence of unitarity and the partial wave expansion. 
Tmpnsino- thp uriitarity condition to the process has been emphasized in many 
respects E3E3EJ. Unitarity condition is also crucial in developing dynamical 
models for pion photoproduction and pion-nucleon interactions uu. Therefore 
it would be necessary to construct a unitarized model for vector meson photo- 
production near threshold to search for the "missing nucleon resonances" by, 
for example, solving the coupled-channel equations, which would require very 
complicated calculations. Before tackling to the unitarization of the ampli- 
tude directly, we first compute final state interactions by considering several 
selected intermediate channels. It is the purpose of this work to compute 
several one loop diagrams in lu photoproduction. 

Following Refs. uu, what we consider is the diagram shown in Fig. which 
defines the momenta of the interacting particles and their helicities/spins. 
Then the amplitude shown in Fig. || is written as 

(FSI)bm = / rfk jf y , , 1) 

J W - E B {W) - E M (k.') + is 



after 3-dimension reduction, where Eb,m (k) — y Mb m ^ ne interme- 

diate baryon and meson masses are denoted by M B and M M , respectively, 
and A (m) is the helicity (spin) of the. particle. Three-dimensional reduction 
of the full amplitude is not unique Ej and we follow Refs. LrH to obtain Eq. 
(|l|) . It can be further decomposed into the principal integration part and the 
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Figure 3. Colleeted data for the total cross sections for meson photoproduction. The d, 
are from Ref. Ej. The cross sections for 7r°p and 7r+n photoproductions are from Ref. 
based on the SAID program. 



delta function part as 

(FSI) = V I dk'k 



V(q,k';W)B(k',k) 
W - E B (k>) - E M (k') 
ip BM {ktMq,kt;W)B{kt,k)0(W 



M B - M M ), 



where 



irkE B (k)E M (k) 



(2) 



(3) 



[E B (k)+E M (k)Y 

and 9(x) is the step function (0(x) = 1 for x > and otherwise). The delta 
function part, which contains 0(x), arises when the intermediate particles are 
their on mass shell and hence the intermediate state on-shell momentum k t is 
defined by 



W = E B {k t )+E M {k t ). 



(4) 



The intermediate states contain various baryon-meson states allowed by 
symmetries and quantum numbers. Therefore, we start first by selecting the 
intermediate states that are expected to be rather important. For this pur- 
pose, we collect some experimental informations on the cross sections of var- 
ious meson photoproduction and the available experimental data are shown 
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Figure 4. w photoproduction with intermediate p°-p state. 



in Fig. g. One can see that the cross sections of tt and p photoproductions 
are considerably larger than the other reactions. Based on this observation, 
we consider the intermediate TT + n, ir a p, and p°p states. 

We first consider the intermediate p°p state, which is depicted in Fig. [|. 
Through the studies on p photoproducidaa we have learned that the a meson 
exchange is important at low energies Qll3. Thus our amplitude for jp — > p°p 
contains the Pomeron_exchange, tt exchange, a exchange and nucleon pole 
terms as given in Ref. The amplitude for p°p — > top is closely related to the 
u> photoproduction amplitude at tree level that is given in Fig. [l] via vector 
meson dominance. In addition to vector meson dominance, what we need is 
the wpir interaction Lagrangian, which reads 

C ufm = ^-e^ a %u v Tr (d a p^), (5) 

where e 0123 = +1, tt = tt ■ t, p = p ■ t. The coupling constant g^p-^ was 
estimated by vector meson dominance. Ji^siyELYang-Mills approach, and hid- 
den gauge symmetry approach, etc Ej-EjOOlj and the estimates are within 
10 ~ 15 GeV -1 . In our study, we use 

<7 W(07r = 12.9 GeV- 1 , (6) 

where its sign is fixed by SU(3) flavor symmetry. Therefore our amplitude for 
p°p — > top contains the pion exchange and the nucleon pole terms. 

For intermediate pion-nucleon channel, we need to know the non-resonant 
part of pion photoproduction. But the most meson-exchange models are con- 
structed to focus on the lower energy region, so its direct extension to our 
energy region, W ~ 2 GeV, is quite questionable. Because of this reason, 
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we use the SAID program for the pion photoproduction amplitudes. Actually 
there is no experimental data for the total cross sections for pion photoproduc- 
tion and the data shown in Fig. |^ are nai-experimental data but are extracted 
from the SAID program based on Ref. 113. There can be a few comments on 
this method. First, the SAID program is established to be valid up to E 1 = 2 
GeV and the extrapolation to the higher energy cannot be guaranteed. There- 
fore we will use the program only in the limited energy region W < 2 GeV. 
Second, the SAID program is believed to represent the experimental data. 
This means that the extracted amplitude should be assumed to include all 
nucleon resonance effects. However, since there is no simple meson-exchange 
model for pion photoproduction within our energy region, we will use this 
amplitude keeping its limitation in mind. The comparison of the model and 
the data are given in Fig. |5[ 

We next need the amplitude fox. pip n induced u> production. This reaction 
has been discussed in Refs. aE§E§EZl recently. It was also recently claimed 
that the final state interactions including nucleon resonances arcpfexy crucial 
to explain the experimental data in Ref. EZL Following Refs. EjE3, in this 
study we use the model shown in Fig. [| concentrating on the low energy 
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Figure 6. A model for irN — > ujp reaction. 



region, which is consistent with those model studies. In addition to the up?: 
interaction Lagrangian (||), we need the uNN and the pNN couplings. As in 
our previous studies El, we use 

9u>nn = 10.35, k w = 0, g pN N = 6.12, k w = 3.1, (7) 

where the p-nucleon coupling is consistent with the p coupling universality. 
Then the scattering amplitude includes the isospin factor, which reads 

!+l for tt°p — > top 
\/2 for TT~p —> urn, TT + n —> ujp (8) 
— 1 for Tr°n — * uin 

The form factors of the vertices can be found, for example, in Ref. El. The 
calculated total cross section for ir~p — > um is shown in Fig. 

3 Results and Discussions 

With the amplitudes discussed so far, we first compute the differential cross 
section for ui photoproduction at E 1 — 1.23 GeV and 1.68 GeV. The prelim- 
inary results are shown in Fig. ||. Since the purpose of this calculation is a 
rough estimate on the role of the final state interactions, we do not try to 
adjust parameters to fit the experimental data in this calculation. In Fig. ||, 

p-vHie experimental data for thp-cross section of this reaction near threshold is controversial 
□H In Fig. we follow Ref. Ej. 
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Figure 7. Total cross section for ?r p-t wri- 



the solid lines are the results at tree level a, the dotted lines are from the in- 
termediate p°p state. The intermediate ir°p and ir + n channels are represented 
by dashed and dot-dashed lines, respectively. 

As we expected from Fig. || the contributions from these channels are not 
suppressed compared to the tree level results. Especially the charged pion 
channel gives the most important contribution among the intermediate state 
considered here. The role of the neutral pion intermediate state seems to be 
smaller than the other channels in the considered energy region. Since the u 
photoproduction cross section is at the same order magnitude as the neutral 
pion photoproduction cross section and smaller than the p photoproduction 
cross section, the contribution from the intermediate ujp channel is expected 
to be smaller than that from the pp channel. 

We also note that the differential cross section from the intermediate pion 
channel strongly depends on the momentum transfer t. While the pp channel 
differential cross sections do not strongly depend on the scattering angle 9, 
the pion channel contribution gives rise to strong peaks at backward angles 
like the u-channel nucleon exchange. Thus, careful analyses are required to 
distinguish the two mechanisms at backward scattering angles. 

In summary, we calculate the one loop contribution to to photoproduction 
with selected intermediate states. We found that the final state interactions, 
especially charged pion intermediate state, are not negligible in the considered 
energy region and may affect the parameters of the nucleon resonances which 
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Figure 8. Differential cross sections for ■yp — > ujp at Ej = 1.23 GeV (left panel) and 1.68 
GeV (right panel). 8 is trhp scattering angle in the center-of-mass frame. The experimental 
data are from SAPHIR E3- 



will be extracted from the forthcoming experimental data. Since the polar- 
ization asymmetries are suggested to be the most useful tools to investigate 
nucleon resonances, it would also be important to check the contribution from 
the final state interactions to the polarization asymmetries. 
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